Much has been already been said about what simulations and games can provide that other research methodologies do not. But the complexity and richness of the results they afford in human factors research is matched by the complexity and cost of their conception, design, implementation, and validation. Though this may seem a daunting challenge to those considering such platforms for their own research, this panel aims to air the promises and pitfalls of simulations and games by sharing historical exemplars, lessons learned, and current issues in their use for human factors research. The panelists represent decades of experience in military, medical, and civilian research domains and have worked through abundant successes and failures in this area. Key issues of discussion will include cases which stand out as exemplary instances of using simulations and games in human factors research, particularly those that produced results that would have been unattainable by other methods, the challenges and constraints of participant pools (e.g. naïve subjects, access to domain experts, and suitable compromises), development of viable and engaging simulations (e.g., the problem of software written by grad students, for grad students), collection of accurate and meaningful data, and the generalizability of such game and simulation platforms as well as the adaptability of off-the-shelf solutions.
PANEL OVERVIEW
This panel will address choices and tradeoffs in the design, use, and re-use of simulations and games for human factors research. The panelists will revisit basic theoretical questions, describe historical challenges in implementation and their impact on contemporary simulation design, illustrate how to fit the simulation to the task at hand, and explore the role of simulations and games in experimentation across multiple research domains.
Simulations and games have found widespread use in human factors research as a methodology that integrates traditional experimental psychology, ethnographic field methods, and domain-relevant scenarios, tools, and approaches to problems. Field studies in human factors research provide rich and nuanced knowledge about individuals and teams at work in complex environments. Likewise, controlled laboratory experiments have provided the foundation for countless contributions to our understanding of the human characteristics that impact the development and use of systems, devices, and environments. Yet the latter are limited in what they can tell us about work situated in real-world settings, just as the former are limited in their support for precision and replicability.
Enter the simulated task. Referred to by various names under the broad umbrella of games and simulations, realistic recreations of applied work environments offer up some of the best of both methodologies. They provide a means to temper the complexity of field research while facilitating controlled manipulation and observation of real-world tasks.
Of course, simulations and games are not meant to replace either approach to human factors research. Indeed, they are interdisciplinary by nature. Field research is necessary to inform the development of an appropriate and realistic task environment. Likewise, the operation of the stimulus and collection of accurate and meaningful data relies on decades of fundamental laboratory-based research methods.
While it may achieve many things where other methods fail, research using simulated tasks is by no means a straightforward pursuit. This area is host to a diversity of conflicts, compromises, confounds, and complications both practical and conceptual. Games and simulations can be quite costly and complex to develop. So where can we find the talent and resources to develop effective games and simulations for human factors research, or are there viable off-the-shelf solutions that may be readily adapted to a given research program? The traditions of different disciplines regard games and simulations with varying degrees of credibility. So how can we determine whether it is appropriate to be using a simulated task to pursue certain hypotheses? Recruiting and retaining suitable test participants can be challenging, especially with regard to naïve test subjects so frequently relied upon in academic research. If access to domain experts is limited, what meaningful data can we acquire from novices instead?
Drawing upon decades of historical, conceptual, and practical research experience in multiple human factors domains, the panel will discuss these issues and more to provide insight and inspiration to researchers who are considering or are already engaged in this demanding, yet rewarding, methodological approach. Some questions to be explored include: Why use games and simulations at all? What are some of the key features that help identify whether or not a research program is well-suited for study in a simulated environment? Which individual or team contexts have taken quite well to simulation in the lab, and which seem to stubbornly thwart attempts to recreate them in a controlled environment? How do we align the characteristics and functionality of a simulation with the goals of a given research program? What factors moderate the internal and external validity of simulations and the results they produce? The abstracts below provide more detail on each panelist's contribution to the discussion.
PANELISTS' ABSTRACTS
Wayne D. Gray, Ph.D.
Why and How to Study Game Play. In past work I have talked about the variety of simulated task environments and the conditions under which they may yield information about different parts of different tasks (Gray, 2002) . Our justification for studying simulated task environments comes from what we can learn about the design of, training for, or performance in real task environments for serious tasks such as air traffic control, medical surgery, or tactical team training. In contrast, games are their own justification and, in a very real sense, games are their own task environments. However, unless you work in the game industry or are an Artificial Intelligence researcher, serious teams of professionals do not study games. That said, there is an interesting dimension of continuity between simulated task environments and games, and interesting justifications for researchers interested in human factors issues to study games and game play. I will illustrate my talk with issues and examples raised by the study of two games (Tetris™ and Pygame Space Fortress), two simulated task environments [Ned (Ehret, Gray, & Kirschenbaum, 2000) and Team Argus (Schoelles & Gray, 2001 )], and one simulation that people sometimes treat as a game (X-Plane™). I will briefly discuss the advantages and disadvantages of each in terms of the transfer of general cognitive skills (Green, Li, & Bavelier, 2009) , the level of expertise of the participants, the characteristics of the participant population, methodologies deployed and temporal resolution of the data collected, suitability for building interactive cognitive agents (i.e., computational cognitive models that perform in the same software task environment as humans), and problems encountered in collecting data with our own versus other people's code.
Michael D. McNeese, Ph.D.

Looking Back to Look Ahead: Simulating Team
Cognition in Use. Our history involving the development and use of simulations and models was initially informed by a conceptual idea that we termed humane intelligence. Humane intelligence (McNeese, 1986) was presented as an interdisciplinary approach for integrating human factors principles with new advances in cognitive science and artificial intelligence. As part of the Armstrong Aerospace Medical Research Laboratory at Wright-Patterson AFB, OH in the 1980s, I was jointly responsible for developing conceptual foundations for "cognitive" approaches to USAF intelligent systems. The concept of humane intelligence elaborated how automation and artificial intelligence could systematically be coupled around human needs and capabilities to improve joint human-agent teamwork.
During the last 25 years the original concepts for simulating human and agent teamwork have 1) evolved, through test-refine-retest-reification, 2) been applied to domains of command and control, piloting, emergency crisis management, and 3) incorporated computational models and/or agents that interact/support complex team cognition. The panel presentation examines many issues and growing pains in implementing simulations with individual and team cognition constraints. Indeed, the original paper was one of the first to deploy macrocognition as a foundational element in understanding computational and human agent adaptation to each other, with the idea of simulation human-computation agent interactions within the context of use. The presentation will construct a developmental timeline of how advancements in socio-cognitive theories, information technology, and mission requirements have led to new synergies, extensions, and realization of different types of simulations and architectures necessary to instantiate the original concepts. The discussion will peruse several new developments of simulation -intelligent frameworks (e.g., the NeoCITIES crisis management simulation and the R-CAST architecture) that demonstrate how the original concepts in human-agent teamwork have led to new explorations, insights, and empirical findings within team cognition, affective computing, and adaptive group interfaces.
Laurel Allender, Ph.D.
A Perspective on Simulations that are "Fit for Purpose." My master's thesis was conducted using flash cards and my Ph.D. research was conducted using a multi-million dollar Patriot weapon system simulator. Both environments yielded interesting, arguably important, results (in addition to my degrees). Since that time, the use of simulations -in research, in system development, in training -grown astronomically. The U.S. Army even has a "Hollywood" branch, the highly regarded USC Institute for Creative Technologies (2010) that has developed avatars and simulations that are most compelling.
Still, we are grappling as a community with understanding the dimensions of simulation that make it an appropriate tool or venue for a particular purpose. What a simulation is being used for is critical. For some types of research, it is a matter of control, and for others, simulation must provide the same behavioral results as the "real world." For training applications, it is not merely a matter of realism, but critically, of whether use of the simulation promotes learning.
Our laboratory has a multi-faceted approach to understanding what makes a simulation "fit for purpose." We are examining the neurophysiological responses of subjects in immersive environments using measures such as electroencephalography (EEG) and energy expenditure. We are examining the behavioral responses of subjects in training environments with and without simulations. We are also validating behavioral measures in simulations against measures taken in the "real world." When these various facets come together, the factors that tip the balance between face validity and content and construct validity should emerge and provide guidance for future simulation design and use.
David J. Mendonça, Ph.D.
Finite State Machines Versus Infinite Human Creativity: Wedging Computer-Based Simulations into
Studies of Group Improvisation. The highly skilled improviser -whether coming from jazz improvisation, firefighting, or field medicine -is remarkably adept at confounding attempts to draw broad conclusions from his or her behavior. The highly skilled researcher, on the other hand, is capable of identifying candidate factors to explain this behavior. This situation sets up a dramatic tension that promises spectacular results, be they successes or failures. When the territory for the encounter of these two archetypes is the simulated task environment, their relationship is mediated often enough by the computer. Both parties know that the inclusion of the computer in the relationship tips the scales in favor of the researcher, turning a continuous, expanding world into a discrete, finite one.
This talk is an interrogation of the speaker's quest for the determinants of what Gray (2002) calls engagement: participants' utilization of their attention, effort and knowledge in undertaking the task set forth by the researcher. The domain of the participants -emergency response operations -is one that stirs up some very human dichotomies: heroism/cowardice, life/death, truth/lies -not merely in the general population but in the participants themselves. It is not unreasonable to expect that researchers seeking engagement will need to demonstrate understanding of the domain, if not actually experience in it, if their studies are to succeed. Accordingly, this talk attempts to identify some of the pitfalls and saving graces in studying how synthetic environments may be used to study improvisation--human ingenuity exercised under time constraint (and here, with high stakes). Particular attention is given to the role of the computer (or, perhaps more precisely, the task that is packaged and presented via the computer to study participants). A process for negotiating the development of the task and its computer implementation is presented, drawing upon work undertaken with emergency response personnel in the U.S. and abroad. The talk concludes with some preliminary thoughts on developing theory to explain the mediating effect of the computer on the relationship between researcher and participant. Such theory should, by extension, be useful in assessing the external validity of conclusions drawn from observations taken within synthetic task environments.
Melanie C. Wright, Ph.D.
Patient Simulation for Human Factors Research in
Healthcare: When and How. Simulation in healthcare was developed initially for training and education. More recently, simulators, virtual environments, and simulated care (e.g., incorporating the use of actors) have been used to study the effects of training, the usability of medical equipment, and innovations in technology to support safer and more effective patient care. The use of simulation and gaming allows researchers to test new ideas without impacting actual patients and their care. Health care is a complex work environment and there are frequently many possible methods for addressing a single patient care problem. This creates two difficulties: first, it is difficult to replicate the complex work environment with simulation and second, it is difficult to exert the appropriate level of control over an experimental environment. Although studying healthcare in the field is rich with respect to replicating the work environment, it is often difficult or even impossible to provide the type of experimental control required for quantitative empirical human factors research.
In this presentation, I will describe the use of simulation for human factors research, both through citations of seminal work and with examples of work from our laboratory. I will present strengths and limitations of simulation and virtual environments for research. I will cover issues such as experimental design, scenario development, selection and recruitment of participants, simulation fidelity and selection, environmental fidelity including laboratory versus in situ simulation research, and development and selection of measures. I will also briefly describe how one might approach the limitations and strengths of both simulation and the field through the use of combining qualitative and quantitative research in the two environments toward answering specific human factors research questions. Biography: Wayne Gray is a researcher in the fields of computational cognitive modeling, cognitive neuroscience, interactive behavior, cognitive task analysis, cognitive workload, and human error. 
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